We identified and produced antibodies to the major proteins that interact with poly(A)+ RNAs in the yeast Saccharomyces cerevisiae. The major proteins which were cross-linked by UV light to poly(A)+ RNA in intact yeast cells had apparent molecular weights of 72,000, 60,000, and 50,000. The poly(A) segment of the RNA was selectively cross-linked to the 72,000-molecular-weight protein (72K protein). Mice immunized with purified UV-cross-linked RNA-protein (RNP) complexes produced antibodies to the three major RNP proteins. A yeast genomic DNA library constructed in the Agtll expression vector was screened with the anti-RNP serum, and recombinant bacteriophage clones were isolated. One recombinant phage, XYPA72.1, bearing a 2.5-kilobase insert, produced a large ,I-galactosidase-RNP fusion protein. mRNA and heterogeneous nuclear RNA are found in eucaryotic cells in association with specific proteins to form RNA-protein complexes known as messenger ribonucleoprotein (RNP) particles (mRNPs) and heterogeneous nuclear ribonucleoprotein particles (hnRNPs), respectively. The complexes are the structural units of these polynucleotides and are likely to be involved in mRNA biogenesis, metabolism, and function (11, 13, 32) . Therefore, the proteins which form hnRNP and mRNP complexes are of considerable interest and have been extensively studied (1, 11-13, 24, 48). Despite a great deal of effort, little is known about the biochemical functions of RNP proteins. Until recently, it has been difficult to identify unambiguously the genuine RNP proteins since nonspecific RNA-protein interactions are likely to occur during cell fractionation. UV cross-linking of proteins to RNA in intact cells overcomes these difficulties and allows the identification of proteins which bind heterogeneous nuclear RNA and mRNA in vivo (11, 16, 51, 54) . To learn more about these proteins and about the RNP complexes, we have immunized mice with purified UV-crosslinked RNP complexes and have produced antibodies to several of the major RNP proteins in vertebrate cells (1, 12, 13) .
mRNA and heterogeneous nuclear RNA are found in eucaryotic cells in association with specific proteins to form RNA-protein complexes known as messenger ribonucleoprotein (RNP) particles (mRNPs) and heterogeneous nuclear ribonucleoprotein particles (hnRNPs), respectively. The complexes are the structural units of these polynucleotides and are likely to be involved in mRNA biogenesis, metabolism, and function (11, 13, 32) . Therefore, the proteins which form hnRNP and mRNP complexes are of considerable interest and have been extensively studied (1, 11-13, 24, 48) . Despite a great deal of effort, little is known about the biochemical functions of RNP proteins. Until recently, it has been difficult to identify unambiguously the genuine RNP proteins since nonspecific RNA-protein interactions are likely to occur during cell fractionation. UV cross-linking of proteins to RNA in intact cells overcomes these difficulties and allows the identification of proteins which bind heterogeneous nuclear RNA and mRNA in vivo (11, 16, 51, 54) . To learn more about these proteins and about the RNP complexes, we have immunized mice with purified UV-crosslinked RNP complexes and have produced antibodies to several of the major RNP proteins in vertebrate cells (1, 12, 13) .
Much of the knowledge of RNP proteins has come from work with higher eucaryotes (12, 24, 48) . However, little is known about the structure of mRNPs and hnRNPs in simple * Corresponding author. eucaryotes such as the yeast Saccharomyces cerevisiae. We have undertaken the study of RNP proteins in yeast cells because, in addition to its intrinsic interest, yeast is an excellent organism for the study of RNP proteins. Large quantities of material can be readily prepared, strains with mutations in many aspects of RNA metabolism are available, and the genotype of yeast cells can be manipulated with relative ease, making it an ideal organism for determining the function of specific RNP proteins. Furthermore, because of phylogenetic divergence, we considered it likely that yeast RNP proteins would be very immunogenic, allowing production of antibodies to conserved RNP proteins derived from vertebrate cells. An example of such a case is the most prominent mRNP protein in vertebrates, the 72,000-molecular-weight (72K) mRNA poly(A)-binding protein. This protein was first described by Blobel in 1973 (7) and is one of the most conserved and extensively investigated eucaryotic RNP proteins. Although many important functions in mRNA metabolism have been attributed to this protein, little is known about its function, amino acid sequence, and metabolism. This is because specific probes, such as antibodies or gene sequences, have not been available from any species.
We report here the identification of the proteins that interact with poly(A)+ RNAs in yeast by UV cross-linking and the production of antibodies to the proteins. Using these antibodies, we identified the poly(A)-binding protein in yeast Vol. 6 (1, 11, 22) .
Preparation of antisera. Preparation of antisera in BALB/c mice by repeated intraperitoneal injections was carried out as previously described (1, 12) with RNPs prepared from 10 liters of yeast culture per injection.
Gel electrophoresis and protein blotting. Proteins were analyzed on 12.5% SDS-polyacrylamide gels (11, 12) , and protein blots were treated and processed as recently described (8, 11, 12) . Two-dimensional gel electrophoresis was performed, with nonequilibrium pH gel electrophoresis in the first dimension, as described by O'Farrell et al. (35) for 1,600 V h, and SDS-polyacrylamide gel electrophoresis (PAGE) in the second dimension. Gels containing 35S-labeled material were impregnated with PPO (2,5-diphenyloxazole) before being dried, and fluorography was performed with Kodak XAR-5 X-ray film (11, 31 6, 1986 addition of EcoRI linkers (M. Snyder, personal communication) was plated on Escherichia coli Y1090. Immunological screening was carried out as recently described (34, 57) with the anti-yeast-RNP serum. Positive phage were purified and used to lysogenize Y1089 cells as described by Silhavy et al. (46) with the aid of the XhA80 selector bacteriophage. The lysogens were induced with 10 mM isopropyl-,3-Dthiogalactopyranoside (Sigma) and temperature shift (42°C, 10 min) and were grown for an additional 2 h at 38°C. The cells were harvested, lysed by freeze-thawing in 5 ml of SM buffer (0.1 M NaCl, 0.016 M MgSO4, 0.05 M Tris chloride [pH 7.5], 0.01% gelatin) per 250 ml of original culture, and treated with 10 ,ug of DNase I (DPFF; Cooper Biomedical, Inc.) per ml-1 mM MgCI-28 mM 2-mercaptoethanol for 10 min on ice. A 2-ml amount of 50% sucrose in 0.1 M NaCI-0.01 M Tris chloride [pH 8 .0]-1 mM EDTA was added along with 60 ,ug of fresh lysozyme per ml and allowed to digest cells on ice for 30 min. After digestion, the cells were solubilized with 1 ml each of 10% Nonidet P-40 and 0.5 M EDTA and left on ice for 15 min. Then, 0.5 ml of 10% Zwittergent (Calbiochem-Behring) was added, and the mixture was sonicated for 30 s at a medium energy setting with a microtip sonicator (Heat Systems-Ultrasonics). The resulting suspension was layered on a 10-ml 40% sucrose cushion and centrifuged at 13,000 x g for 30 min. The pellet was suspended in 1 to 5 ml of 8 M urea and recentrifuged for 15 min at 12,500 x g. The supernatant contained the fusion protein (S. Michaeli and N. Agabian, personal communication). Typical yields were approximately 1 mg of protein per 50-ml culture and were at least 90% pure, as determined by Coomassie blue staining after SDS-PAGE. Affinity purification of antibody. The purified fusion protein preparation was resolved on a 7.5% SDS-polyacrylamide gel and transferred electrophoretically to nitrocellulose. A strip of the lane containing the protein was cut from the filter and stained with amido black to determine the position of the fusion protein. The region of the nitrocellulose corresponding to the fusion protein was cut out and blocked for 3 h in 5% nonfat dry milk in PBS. The nitrocellulose was then incubated with a 1:100 dilution of the anti-yeast-RNP serum in 3% bovine serum albumin for 3 h. After being washed, bound antibody was eluted in 0.2 M glycine [pH 2.51-0.25 M NaCl for 3 min. The eluted antibody was neutralized with 2 M Tris base, and bovine serum albumin was added to a final concentration of 3%.
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Poly(A) binding assay. The poly(A) binding assay is a slight modification of that described by Sachs and Kornberg (41) . The fusion protein of XYPA72.1 was bound to protein A-agarose beads (Boehringer-Mannheim Biochemicals) by incubation of 20 ,ul of beads with a rabbit anti-,-galactosidase immunoglobulin G (IgG) fraction (Cooper Biomedical) in PBS, followed by incubation in 1 unlabeled poly(C) (Pharmacia) for 10 min at 23°C with the fusion protein-bound agarose beads. The beads were then washed four times in the same buffer without polynucleotide, and bound 32p label was determined by Cerenkov radioactivity counting.
Immunofluorescence microscopy. Yeast cells were prepared for immunofluorescence microscopy as described by Kilmartin and Adams (26) , with the following modifications. Early-log-phase yeast cells were harvested by centrifugation and washed in PBS. The cells were fixed by suspension in 1.2 M sorbitol-0.12 M K2PO4-0.033 M citric acid (pH 5.9) containing 4% formaldehyde for 2 h at 23°C. The fixative was removed by two washings in the same buffer without formaldehyde. The fixed cells were digested with 0.5 mg of Zymolyase 5000 (Kirin Brewery) per ml in the sorbitol buffer without formaldehyde for 1 h at 37°C and washed by centrifugation. The cell pellet was quickly suspended in a small volume of methanol at -20°C, and a small drop was placed on a cover slip and allowed to evaporate. The yeast cells attached to the cover slip were incubated with a 1:200 dilution in 1% bovine serum albumin of the antiserum to the XYPA72.1 fusion protein, followed by fluorescein isothiocyanate-conjugated goat anti-mouse F(ab')2 (Cooper Biomedical). Photomicrographs were taken with a Zeiss model III photomicroscope equipped with a Planapo x63 oil objective.
Hybrid selection and in vitro translation. Poly(A)+ RNA was prepared from yeast cells by breaking the cells with glass beads in the presence of buffer-saturated phenol as described previously (21), followed by chromatography on oligo(dT)-cellulose (12, 22) . Hybridization selection was performed by a modification of the technique of Ricciardi et al. (38) . The plasmids pGEM-2 (Promega Biotech) and pY72.1 (pGEM-2 containing the 2.0-kilobase-pair [kbp] EcoRI fragment of XYPA72.1) were linearized by digestion with XbaI, denatured by boiling and by treatment with 0.5 M NaOH, neutralized, and applied to nitrocellulose. Approximately 50 ,ug of yeast poly(A)' RNA was hybridized to each filter in 65% formamide-20 mM 1,4-piperazinediethanesulfonic acid (pH 6.4)-0.2% SDS-0.4 M NaCl-100 ,ug of yeast tRNA per ml for 4 h at 50°C. After an extensive washing at 65°C in 10 mM Tris chloride (pH 7.6)-0.15 M NaCl-1 mM EDTA-0.5% SDS, specifically bound RNAs were eluted with 10 mM methyl mercury hydroxide containing 100 ,ug of yeast tRNA per ml for 10 min at 22°C. Dithiothreitol was added to a final concentration of 5 mM, potassium acetate was added to a final concentration of 0.25 M, and the RNA was precipitated with 3 volumes of ethanol at -20°C overnight. Optimized in vitro translations in rabbit reticulocyte lysate (Promega Biotech) were performed for 60 min at 30°C in 25-,ul reaction volumes and analyzed by SDS-PAGE and fluorography. Immunoprecipitations with the anti-fusion-protein antiserum were carried out in PLB (PBS containing 1 mM EDTA, 1% Triton X-100, 0.5% deoxycholic acid, 0.1% SDS, and 1% aprotinin) for 1 h at 4°C. Immune complexes were adsorbed on protein Aagarose (Boehringer-Mannheim) with rabbit anti-mouse F(ab')2 and extensively washed with PLB. The adsorbed protein was eluted in SDS-PAGE sample buffer for electrophoresis.
RNA blot hybridization. Poly(A)+ RNA, prepared as described above, was resolved by electrophoresis in a 1.2% agarose gel in the presence of formaldehyde (34) , and the nitrocellulose blot was prepared as described previously (49) . The blot was probed with 32P-labeled DNA produced by nick translation (39) of the DNA insert (2.0-kbp EcoRI fragment of XYPA72.1) purified by agarose gel electrophoresis. Hybridization was carried out, essentially as described previously (34) , for 24 h at 42°C in 50% formamide-5 x SSC (1x SSC is 0.15 M NaCl plus 0.015 M sodium citrate [pH 7.01-1 x Denhardt solution-0.05 M sodium phosphate containing 250 ,ug of salmon sperm DNA per ml. The blot was washed in 2x SSC-0.1% SDS twice at 21°C and three times at 65°C before exposure to X-ray film for autoradiography.
DNA blot hybridization. Yeast high-molecular-weight genomic DNA was prepared by a rapid yeast DNA isolation VOL. 6, 1986 procedure as described previously (56) . Southern blot hybridizations (34, 47) were performed on restriction endonuclease (International Biotechnologies Inc.)-digested yeast genomic DNA fractionated in an 0.8% agarose gel in Trisborate buffer. The blot was probed with the 32P-labeled DNA produced by nick translation (39) of the DNA insert (2.0-kbp EcoRI fragment of AYPA72.1). Hybridization was at 42°C for 24 h in a solution of 50% formamide-5 x SSC-5 x Denhardt solution-0. 1% SDS containing 200 g of salmon sperm DNA per ml. Blots were washed three times at 21°C in 2 x SSC, followed by three washes at 42°C in 1 x SSC, and exposed to X-ray film for autoradiography.
DNA sequence analysis. The two overlapping genomic clones KA1 and XA2 were subcloned into pGEM-1 and pGEM-2 as EcoRI inserts, and smaller overlapping DNA fragments were cloned into M13mp18 and M13mp19 (33) . Sequence analysis was done by the dideoxy chain termination method (42) . The sequencing strategy is outlined below (see Fig. 11 ). (6) and several protease inhibitors, were included in the lysis buffer. Therefore, the proteins smaller than 72,000 molecular weight are probably distinct RNP proteins, not degradation products of the 72K protein. The detected proteins are strictly the products of UV cross-linking in vivo since no proteins were detected when RNA was isolated from cells that were not exposed to UV light (Fig. 1) . Because of the high cytoplasmic-to-nuclear-volume ratio in yeast cells, it is likely that cytoplasmic proteins are detected more readily than nuclear proteins.
RESULTS
Production of antibodies to yeast RNP proteins. We have previously described a general strategy for the production of polyclonal and monoclonal antibodies to RNA-contacting proteins using purified cross-linked RNPs as antigens (1, 12 lane marked total). These three proteins were also visible by [35S]methionine labeling ( Fig. 1 ) and were also cross-linked to poly(A)+ RNA (Fig. 2, lane marked +UV total) . The amount of the 50K protein which was cross-linked is variable and may reflect the metabolic state of the yeast cells at the time of cross-linking. The slight decrease in mobility of each cross-linked protein is characteristic of RNA-cross-linked proteins (12) and is probably due to the residual covalently bound nucleotide which cannot be removed by RNase digestion.
Intact poly(A) tails of mRNA and heterogeneous nuclear RNA can be isolated, and the proteins cross-linked to them can be analyzed after selective digestion of the total poly(A)+ RNPs with RNase A and RNase T1 in 0.5 M NaCl, followed by reselection of the undigested poly(A) portion of the mRNA on oligo(dT)-cellulose. SDS-PAGE after complete digestion of the poly(A) with micrococcal nuclease and RNase A demonstrated that the 72K RNP protein was cross-linked to the poly(A) tail of yeast RNA [Fig. 2 Fig. 2 at 21 ,000 molecular weight and also the band at 65,000 molecular weight in lanes marked +UV poly(A) and -UV were due to the presence of antibodies to proteins in the RNase A and micrococcal nuclease preparations which were used to digest the RNPs and which were included in the immunization mixtures. Because these bands comigrated on the SDS gel at ca. 65,000 molecular weight with the UV-cross-linked 60K protein, we cannot rule out the possibility that a small amount of the 60K protein may also be associated with the poly(A) tail.
Isolation of yeast RNP genes by immunological screening of an expression vector library. The anti-yeast-RNP serum was used for immunological screening of a yeast genomic DNA library constructed in the Xgtll expression vector (57) . Several clones were isolated, purified, and transferred to a lysogenic host. One of the phages, XYPA72.1 bearing a 2.5-kbp insert, produced a P-galactosidase-yeast RNP fusion protein with an apparent molecular weight in SDS-PAGE of about 185,000 upon induction with isopropyl-p-Dthiogalactopyranoside. This fusion protein was recognized on an immunoblot by both the anti-yeast-RNP serum and an anti-,-galactosidase antibody (Fig. 3) . The P-galactosidase portion of the fusion protein appeared to be partially degraded in the lysogen, although very little degradation of the yeast RNP protein was detected with the anti-yeast-RNP serum. Identification of the yeast RNP protein which is encoded by AYPA72.1 was carried out by affinity purification of the antibodies specific for the fusion protein from the total anti-yeast-RNP serum. The region of an immunoblot containing the fusion protein was excised from the nitrocellulose sheet and used to adsorb antibodies from the total anti-yeast-RNP serum. The adsorbed antibodies were eluted in glycine buffer at low pH and, after neutralization, used to probe an immunoblot identical to that shown in Fig. 2 . The affinitypurified antibody was specific for a 72K protein in a total yeast lysate (Fig. 4, lane marked total) . This 72K protein was selectively cross-linked to total poly(A)+ RNPs and to the poly(A) portion of the mRNA (Fig. 4) .
The possibility that more than one protein migrated at the 72,000-molecular-weight region on the one-dimensional SDS-polyacrylamide gels was tested by resolving total yeast proteins on two-dimensional gels by nonequilibrium pH gel electrophoresis (35) in the first dimension, followed by SDS-PAGE in the second. The proteins were then transferred to nitrocellulose and probed with either the total anti-yeast-RNP serum or the affinity-purified antibodies. The VOL. 6, 1986 iL 2938 ADAM ET AL. total serum recognized all three RNP proteins, including a single 72K polypeptide with an apparent isoelectric point of about 8.0 (Fig. 5A ). The affinity-purified antibody recognized an identical 72K protein with a similar isoelectric point (Fig.  5B ). This isoelectric point is similar to that reported for the vertebrate mRNA poly(A)-binding protein (2) . It is interesting that the other two yeast cell RNP proteins (60,000 and 50,000 molecular weight) identified here also had very basic isoelectric points (Fig. 5A) .
The product of the cloned gene XYPA72.1 is a specific poly(A)-binding protein. Up to this point, the possibility that the protein encoded by XYPA72.1 is a general nucleic acid-binding protein could not be ruled out. To determine whether it is a specific-poly(A)-binding protein, we used the poly(A)-binding assay essentially as described by Sachs and Kornberg (41) to examine whether the fusion protein itself has specific-poly(A)-binding activity. The possibility that the fusion protein might have nucleic acid-binding activity was considered because its size suggests that it contains a large portion of the 72K protein sequence. Partial purification of the fusion protein, as described in Materials and Methods, yielded a preparation which was approximately 90% pure, as determined by Coomassie blue staining of an SDS gel. The about 60,000, which is restricted to the poly(A) tails of heterogeneous nuclear RNA (41, 45) , and a 72,000-molecular-weight mRNA poly(A)-binding protein in the cytoplasm (7, 13, 14, 17, 18, 24, 27, 44, 45, 52, 53) . Indirect immunofluorescence on yeast cells with antibodies to the poly(A)-binding protein, produced by immunizing a mouse with the fusion protein of XYPA72.1 (Fig. 7) , shows that the 72K yeast poly(A)-binding protein is located primarily in the cytoplasm (Fig. 8) . The dark areas in the cells in panel B are nuclei and vacuoles. Recently, Sachs and Kornberg (41) identified poly(A)-binding activities in two yeast proteins with approximate molecular weights of 72,000 (cytoplasmic) and 60,000 (nuclear). Taken which were gel purified and subcloned into the twin bacteriophage promoter plasmid pGEM-2. Yeast mRNA hybrid-selected on the plasmid containing the 2.0-kbp EcoRI fragment, designated pY72.1, when translated in vitro yielded a 72,000-molecular-weight protein (Fig. 9 , lane marked pY72.1) which could be immunoprecipitated from the translation reaction with antiserum to the fusion protein which is specific for a 72,000-molecular-weight yeast protein (Fig. 7) . In addition, two lower-molecular-weight proteins were also specifically immunoprecipitated, although their origins are unknown. No specific translation above background was seen when the plasmid containing the 0.5-kbp fragment was used for hybrid selection and translation, indicating that all of the sequence for the fusion protein is encoded on the 2.0-kbp EcoRI fragment of XYPA72. Fig. 12 . The predicted size of the mRNA encoded by this transcription unit is 2.05 kilobases, in good agreement with the observed size of the mRNA (Fig. 10 ).
Only one long open reading frame of 577 amino acids, coding for a protein of molecular weight 64,272, is found in this sequence. This is slightly lower than the apparent molecular weight in SDS-PAGE and could be the result of the high proline content. No intervening sequences are present (37) . The designated initiator methionine is found in the commonly used consensus translation initiation sequence AXXATGG (28) . Analysis of the codon usage shows a strong bias toward codons which are complementary to the anticodons of the major isoacceptor tRNA species (5) of S. cerevisiae (data not shown), suggesting a high level of expression for this protein.
We noted that the sequence in the 5' untranslated region of the mRNA immediately upstream of the initiator codon is extremely adenosine rich and resembles a poly(A) segment to which the protein could bind. From the amino acid sequence, it is apparent that the protein contains several distinct domains. Both the amino and carboxy termini of the protein are very acidic. The carboxy third of the molecule, separated from the rest of the protein by a segment of eight consecutive alanine residues, contains a segment (amino acids 426 to 489) of very high proline content and an overall positive charge due to the absence of negatively charged amino acids. Regions rich in proline and positively charged amino acids have been identified in other single-stranded-nucleic acid-binding proteins, such as the nucleocapsid protein of Semliki Forest virus (15) and the adenovirus type 5 single-stranded-DNA-binding protein (29) . The amino-terminal half of the molecule has a very different structure. The sequence Arg-Val/Leu-Cys-Arg appears twice in this region, at amino acid positions 68 and 107. Perhaps the most striking feature of the entire protein sequence is a 13-amino-acid segment (underlined in Fig. 12 ) which is repeated three times in the middle section of the protein. The first and third segments are homologous over 12 of the 13 amino acids. The middle segment is homologous to the other two segments over eight of the amino acids of the repeat. It may also be significant that the spacing between the three elements is similar, the first and second elements Several previous reports indicate that the poly(A) tail of mRNA in vertebrate cells is associated with a 72,000-to 78,000-molecular-weight protein (7, 13, 14, 17, 18, 23, 24, 27, 44, 45, 52, 53) , which can be cross-linked by UV light to the mRNA poly(A) tail in intact cells (13, 18) . Of the proteins which bind poly(A)+ mRNA, the poly(A)-binding protein is the only one for which selective-sequence binding to the RNA has been identified. Kornberg and colleagues have characterized a 75,000-molecular-weight protein from mouse L cells which binds poly(A) and which can organize the poly(A) segment into a repeating RNP structure in vitro (3, 4) . It is probable that this is the same protein which binds poly(A) in vivo. Recently, these workers (41) have also identified a cytoplasmic poly(A)-binding activity which can be eluted from an SDS-polyacrylamide gel of yeast wholecell extract in the 66,000-to-79,000-molecular weight region. Another poly(A)-binding activity elutes from gels of yeast nuclear extracts in the 50,000-to-59,000-molecular-weight region.
Although the mRNA poly(A)-binding protein was the first mRNA-binding protein to be described (7) and is quantitatively the most abundant of the mRNA-binding proteins, little is known about its function. It has been suggested that it is involved in various important aspects of mRNA metabolism, including nucleo-cytoplasmic transport (44) , mRNA stability (58) , and translation (1, 14, 18, 32, 43, 52, 53) , and also that it may be related to a poly(A) polymerase (40 The amino acid sequence analysis of the poly(A)-binding protein revealed 92-amino-acid-long homologous repeating domains and a 13-amino-acid sequence that is repeated three times in the protein (underlined in Fig. 12 ). Routine computer search revealed no significant homology between this sequence and any other protein sequence that is in the National Biomedical Research Foundation protein data base. However, upon visual inspection of the recently published sequences of the UP1 calf thymus helix-destabilizing protein (55) and the rodent helix-destabilizing protein (10) , we found that they both contain two regions highly homologous to the repeat sequence in the yeast poly(A)-binding protein that is defined by the consensus sequence (Fig. 13) . Interestingly, it has recently been shown that antibodies to UP1 (which was first isolated by Herrick and Alberts [20] as a single-stranded-DNA-binding protein) react with a group of mammalian proteins in the 30-to 40-kilodalton range (50) which are the hnRNP proteins (36) . The 24,000-dalton UP1 is derived from the hnRNP proteins by proteolysis which occurs during protein purification (36) . Specifically, UP1 is the amino terminus nucleic acid-binding fragment of the Al hnRNP protein (9; personal communication).
The amino acid sequence comparison of the major mRNP protein from yeast cells and one of the major hnRNP proteins of mammals identified a conserved and repeating RNP consensus sequence. We anticipate that this sequence may be common to other RNP proteins. The high degree of conservation and duplication of the sequence in such widely divergent organisms is striking. It suggests that these nuclear and cytoplasmic RNP proteins have a common evolutionary origin and most likely arose from a common ancestral gene.
The conservation and internal duplication also imply an important, albeit yet unknown, function for this sequence. It is possible that the consensus sequences are involved in RNA binding. Sequential aromatic amino acids and positively charged amino acids may be important in the binding of protein to single-stranded nucleic acids (for reviews, see references 9 and 19) through sequential intercalation of the aromatic residues with the nucleotide bases and the interaction of the positively charged amino acids with the negatively charged phosphodiester backbone. The proline-rich region of the protein may also be involved in RNA binding, VOL. 6. 1986 as regions of similar general sequence character are found in other single-stranded-nucleic acid-binding proteins (15, 29) . It is possible that the high affinity and binding specificity of the protein for the poly(A) tail are a consequence of an interaction involving these two distinct domains.
